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1 
This invention relates to a process for prepar- 
ing pure penicillin material, and more particu- 
larly to a method for preparing such pure peni- 
cillin material in the crystallinestate in the form 
of its salts,   5 
In copending application of Murray Senkus, 
Serial No. 575,555, filed January 31, 1945, now 
Patent No. .,538,735 there is described a method 
for preparini pure ammonium penicillin from 
dry, impure concentrates thereof, and a mettiod 10 
for converting the pure ammonium penicillin into 
other pure penicillin salts. 
I have now round that pure, crystalline peni- 
cillin salts, such as ammonium penicillin, sub- 
stituted ammonium penicillins, potassium peni- 
cillin, sodium penicillin, and rubidium penicillin, 
may be prepared directly from impure aqueous 
solutions thereof, without the necessity for first 
preparing, a dry, impure concentrate, by adding 
to the aqueous solution a quantity of an organic 20 
solvent of/a type to be described, distilling to 
remove substantially all thè wate, leaving a sub- 
stantially saturated penicillin-salt solution in the 
organic solvent, and subsequently crstallizing 
the penicillin salt: -  "  25 
Among the substituted ammÒnium penicillins 
of my invention may be menti0ned methylam- 
monium penicillin, diethylammonium penicillin, 
trimethylammonium penicillin, choline penicillin, 
and benzyltrimethylammonium penicillin 30 
In the currently used methods for tt/e recovery 
of penicfllin from culturi liquors in which it is 
produced, the liquor is vari0usly treated to purify 
and concentrate it and eventually o obtain it in 
the form of a relatively concentrated but still 35 
impure water solution. The. aqueous penicillin 
salt solution thus obtained is thon frozen-and 
dried from he frozen state-and this dry ma- 
terial is stored under refrigeration for subsequent 
administration upon re-solution in watér.,  " " . 40 
One prior-art method for obtaining the aque- 
ous solutions of penicillin described-above in- 
volves the steps of filtering the culture liquor 
sorbing the penicillin or active carbon, eluting 
the penicillin with an aqueous-oganic solvent 45 
mixture, evaporating the organic solvent, acidify- 
ing and extracting the aqueous penicillin-con- 
taining residue with a water-immiscible 0rganic 
solvent such as amyl acetate, and then re-extract- 
ing the amyl acetate with an aqueous alkaline 50 
solution. Other methods involve extraction of 
the filtered culture liquorswith an-organicsol- 
vent, followed by multiple-step extractions, al- 
ternately into organic olv¢.. Çd aqueos_. 1 
kaline solutions. 

In-carrying ou my inention, 
an aqueous solution of penicillini.alts. 
ing to the prior-art methods,. for examplè,, by 
re-extraction of the amyl acetae solution .o 
penicfllin described above with an aqueou so- 
lution of an alkaline compound of th desirëd 
cation, preferably the hydroxide, carboiate, .or 
bicarbonate, and preferably using such quantity 
of the alkaline solution as .will poduce.a, final 
pli within the range of about 6 to 8. I may then 
concentrate it by known means, as by an6ther 
series of solvent extractions,or preferabl.by 
low-temperature distlllation under, reduced preS- 
sure, to a concentration of t léast aboUt pref 
erably around 50,0001 Oxford  units of-penicillin 
activity per milliliter.- However, such an interr 
mediate concentrting step is notessential to my 
process. 
To the aqueous solution I then. add an O- 
ganic solvent for penicillin salts havingthe 
property of orming an azeotrope with water, i. e., 
when heated to ebullition in the presence .of 
water, of forming a vaporous mixture compris- 
ing a substantial proportion of water, vherey 
said solvent is capable of removing the .water 
from the said penicillin solution, by.à .listilla- 
tion operation. The solvent is 'addedin such 
proportion as wfll give a substantiall. Satrated 
solution of the penicillin Salt in thè .orgnic 
vent at ordinary temperatures aftêr removal 
the water by azeotropic distillation.- The mixture 
is then distflledto remoe the Water, prefably 
with fractionation through a suitable colurhn, at 
reduced pressure, and at a liquid temperature 
below about 40 ° C. Higher. temperatures rnaYbe 
employed, but in such case the length, of..tiine 
during .which the solution is exposed to. ùch 
temperatures should be held toa minimum, .a 
by use of a so-called "flash" distiltation, for ex- 
ample, in a falling-film evaporator, in order to 
minimize the decomP0sition of peniciliin. Any 
organic Solvent present in the distillate may be 
removed by decançation 
heterogeneous, or by fractional distillation in an 
auxiliarY still, and may then be returned to the 
process. The distillation is. continued unil sub 
stantially all of the water has been removed 
from the still. The solution may then befurther 
concentrated under similar conditions, if neces 
sary until the concentration of penicillin salt in 
the residual solvent isat least asgreat as the 
concentration required to saturate the solvent at 
ordinary temperatures, oruntil crystallization be- 
gins, as evidenced by a clouding of the liquïd:. 
Concentration of the solution is then discon 



tinued and the mixture is allowed to stand, pref- 
erably at low temperatures, for example, around 
5 ° C., until a large proportion of the pure penl- 
Cillin salt bas crystallized. The crystals may 
then be separated, as by filtration or the like, and 
may then be washed and dried. They are then 
ready for storage and use, or for conversion to 
other penicillin salts if desired. The mother 
liquor still contains considerable penicfllin ac- 
tiiity which may be recovered in a. suitable man- 
ner, for example, by recycling to the aqueous 
evaporate stage for re-extraction with amyl 
acetate. 
Alternatively, I may choose to prepare the 
crystalline penicillin salts by evaporating the 
organic solvent substantially completely under- 
reduced pressure at low temperatures. In this 
modification of my invention, I prefer fo measure 
the organic solution accurately into serum vials, 
and to evaporate the solution to dryness under a 
p9ésUè of.about 10-40 mm. Hg and af tempera- 
ures below about 40 ° C. 
SolVents suitable for use in my prociss to effect 
water rêmoval from, and subsequent crystalliza- 
tion of the penicillin salts include all of the or- 
ganiC alcohol solvents for penlcillin salts de- 
scribed in the copending application referred fo 
above which are capable of removing water from 
penicillin-sait solutions when added thereto and 
distilled. 
Particularly adapted for my purpose is the 
group of organic a]cohols that may be described 
as "hydrophilic," that is either miscible with 
water, or calable of dissolving af least about 3  
to 5% of it. A number of classes having opera- 
tIve..members are given in the following !ist: 
alcohols, glycols, hydroxy ethers and hydroxy 
estes:: As specific examples of the foregoing 
classes of solvents maY be cited ethanol, n-propyl 
l¢oh01, isopròpyl alcohol, n-butyl alcohol, sec- 
ondary butyl alcohot, tertiary butyl alcohol, 
n-hexyl alcohol, capryl alcohol, n-octyl alcohol, 
2-ethylhexyl alcohoi; diethylcarblnol, allyl alco- 
bol, ethylene glycol, 2-methyl-2,4-pentanediol, 
propylene glycol, diacet0ne alcohol, cyclohexanol, 
butyl cellosolve. - 
I use the alcohol-soIvents because of the ease 
with which solution" and crystallization can be 
effected from them'. By the terre ïalcohol sol- 
vents" I wish t« incIude those solvents which are 
rlctly. classitïed as alcohols, such as normal 
alcohols, secondary alcohols, tertiary alcohols, 
Saturated and. unsaturated alcohols, straight- 
chain and cyc!ic alc0hols, and the like, and also 
those, compoundS which, th0ugh no always 
trictly clàssified: as alcohols, contain atcohol or 
h:droxyl groul, such as.hydroxy esters, hydroxy 
ethers, and the like: Therefore, wherever the 
erm "alcohol" is used in the claires» it should 
b!nstrued o include all of the alCohol-type 
Compounds described above, as vell .as »t.he com- 
pounds usuayincluded-in the terre. 
Of-the variûns-ICohol solven,-lutiize the 
class which furrns .ov¢ater azeotropes, and par- 
ticularly the lower aliphatic primary: secondary, 
and. tcçiary alcohols, because of their ready 
availability, and the high yields of crystals ob- 
tatnaie therefrom. 
 .; lï the satisfactory application of my process 
. to the preparation of pure, crystalline Sodium 
.... Pentcitlin, I find it desirable fo start with a rela- 
tively pur}:s0dium pecillin instead of the crude 
maëria!:..w..h[ch may be used in the preparation of 
other.S'i. ï The yield of crystalline sodium 
pentcïi tends fo be greatly reduced by the 
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presence of any substantial quantities of organi 
impurities in the solution in whieh the crystal- 
lization is carried out, and the effect varies some- 
what, depending on the nature o the impurities. 
5 Ordinarily, however, ! am able to crystaltize 
sodium penicillin successfully ïrom an organic- 
solvent solution of impure sodium penicillin hav- 
ing a potency as low as 900 units per milligram 
of dissolved solid. 
10 Prior fo the crystaltization step of my process, 
! bave round-it advantageous fo treat the poni- 
cfllin solutions at one or more of the various 
stages with a small proportion of an active char- 
coal, an active magnesium silicate, or other ma- 
l5 tertal of the type commonly reîerred to as de- 
cotorizing agents,--thereby removing substantial 
proportions of impurities of unknown composition 
which tend fo retard crystallization. This treat- 
ment may be carried out by slurrying the de- 
20 colorizing agent with the peci!lin solution and 
subsequently filtering and washing the filter cake 
with a small quantity of ciean solvent. 
The terre «'pure" as used herein fo describe the 
crystalline penicillin salts of my invention is hot 
25 used in its absolute sense fo designute a materia] 
completely free from all impurities. Accordingly, 
wherever the term "pure" appears as relating to 
penicillin salts, if should be construed as desig- 
nating a purity at least about 85% of the theoret- 
30 ical purity of the particular type of penicillin 
designated, measured in terres of Standard uts 
of penicillin activity per milligram of solids, as 
assayed against the U. S. Food and Drug Admin- 
istration standard, Mrch 25, 1944, and based on 
.. crystalline sodium.penicillin G, having an arbi- 
trarily ascribed antibiotic activity of 1650 units 
per milligram of solids against the organism 
S$aphyIococcus aureus. The standard unit 
fem-ed to is an arbitrary unit established by the 
: U. S. Food and Drug Administration. (A. C. 
Hunter and Wm. R. Randall, "Standardizution 
of Assay of Penicillin," J. Assoc. of Official Agri- 
cultural Chemists, August 1944, pp 430--438.) 
While this unit is hot precisely the Oxford unit, 
45 it is so close fo it as to be well within the experi- 
mental errorof the assaysused; and for lack oï 
a precise naine, this unit is more or less universal- 
ly referred to as synonymous with the Oxford 
5O The following-examples wfll further illustrate 
my invention-: 
Example I 
A 600-ml. pmion of amyl acetate extraction 
from a plant penicillin recovery process, assaying 
 about 5,000 Oxford units of penicfllin activity per 
milliliter, was stirred for ten minutes with 5 % by 
weightof "Darco G:60," the resulting slurry was 
flltered, and the char-Was washed with a. small 
portion of fresh amyl acetate. To the combined 
6O flltrate and washings was then added with stir- 
ring a sufficient quantity of a £% aqueous solu- 
tion of potassium hydroxide to bring the pli of 
the water layer to 7 and to convert the penicillin 
to the potassium salt. This aqueous layer was 
C5 separated dnd concentrated at a pressure of about 
32 mm. and af 30 ° C. fo about  it original vol- 
ume. T0 the concentrated solution containing 
about 200,00 Oxford units per milliliter was 
added a volume of n-butyl alcohol equivalent to 
70 four rimes the volume of the concentrate. The 
mixture was then distilled af 32 ° C. and 32 mm. 
until substantially all the water had been re- 
moved as an azeotropic.mixture with the n-butyl 
alcohol, and the distillation was continued to a 
5 liquid temperature of 50 ° C. to effect still further 
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concentration of the solution. At this point 
crystals of potassium penicillin began fo form. 
The mixture was removed from the distillation 
flask and allowed to stand in a refrigerator at 
about 0 ° C. for about 4 hours to crystallize. The 5 
mixture was then flltered, and the pure potassium 
penicillin crystals were washed with n-butyl al- 
cohol and dried. The dry crystals weighed 0.923 
grain, assayed 175 Oxford units of penicillin ac- 
tivity per milligram, and contained a total of lO 
1,592,000 units. The conversion amounted fo 
53%. 
One hunded millfliters of an aqueous am- 
monium penicillin solufionassayin 24,000 Ox- 15 
lord units of Inicillin acfivit per milliliter was 
distilled under vacuum ata temperature of 30 ° C. 
to a volume of 6 ml. and a concentration Of 300,000 
units per milliliter.. To this concentrate were 
added 40 ml. of n-butyl alcohol, and the solution .2o 
was further distilled until all the water had been 
rëmoved as file azëotrope, and until the volume 
hadbeen reduced to 5 ml. Ai this point crystals 
began to form.. The concentrated solution was 
removed from the distillation .flask, cooled fo 
about 10 ° C. and stirred until crystallizati0n was 
complete. The crystals were then filtered, washed 
with n-butyl alcohol and then with acetone, and 
were subsequently dried in air. The product was 
0.47 gram of pure crystalline ammonium peni- 3o 
cfllin assaying 170 Oxford untts per milligram 
and amounting fo a conversion of 35%. 
Example III 
Two hundred and rive milliliters of an aqueous 
ammonium ponicillin solution assaying 21,000 
Oxford units of penicillin actlvity per millfliter, 
were distilled under vacuum ata temperature 
30" C. to 10 ml.,at which point the penici111n 
concentration was 430,500 units per milliliter. To 
this concentrate were added 80 ml. of secondary 
butyl alcohol, and the mixture was distilled af 
30 ° C. under vacuum to a volume of 15 ml., where- 
upon crystals of pure ammonium penicillin 
formed. The crystals were filtered, washed with 45 
three 5-ml. portions of secondary butYl alcohol 
and then with two 15-ml. portions of acetone, 
and the crystals were dried in air. The product 
was 1.1403 grain of pure ammonium ponicillin 
crystals assaying 1710 Oxford unis per milligram 
(total 1,950,000 units. 
Example IV 
An amyl acetàte solution of penicillin contain- 
ing 20,000 Oxford unis of penicillin per milliliter 55 
was extracted with 7.5% potassium hydroxide 
solution to a pli of 7.2. For this extraction, 3248 
ml. of amyl acetate solution were used, and 295 ml. 
of aqueous extract assaying 197,000 Oxford units 6o 
per milliliter were obtained. To this extract 
were added 885 ml. of n-butyl alcohol and the 
mixture was distilled af 20 mm. pressure until 
crystallization occurred. After the mixture had 
been left in the refrigerator overnight, the crys- 
tals were flltered, and the flltrate was agaIn dis- 
tilled ai 2(1 mm. pressure to obtain an additional 
sma11 amount of crystals. The combined crystals 
of potassium penicillin weighed 32 g. and assayed 
1500 Oxford unlts per mllligram. The conter- 7o 
sion amounted to 74%. 
ExampIe V 
Nine liters of an amyl acetate solution of peni- 
eillin assaying 273 Oxford units per milliliter 75 
were treated with 4% of "Dareo G-60," as de- 
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scrlbed in. Example-I« and the treated solution 
was extracted with aquoous 1% potassium hy- 
droxide solution fo pli 7.3, yielding 62 ml. of 
aq!/eous solution; The aqueous solution was ad- 
justed to pli 6.5 by addition of 0.5 ml. of aqueous 
10% phoshoric acid, and was then concentrated 
under reduced pressure and at temperatures be- 
low 40 ° C. to a volume of 33 ml. Subsequentiy, 
93 .ml. of n-butyl alcohol were added, and the 
concentration was continued until substantially 
all of the water had been removed, and until 
crystallization had started.-There vere ob- 
tained 0.6557 g. of crystalline potassium peni- 
cillin assaying 1543 traits pot milligram, corre- 
sponding to a yield of 56%. 
Thre liters-of an amylacetate, solution of 
penicillin assaying 629 Oxford units per milliliter 
were treated with sufilcient aqueous 2.5% potas- 
sium hydroxide solution to raise the pli to 6.6, 
sufficient water was added to raise the volume of 
the aqueous phase to 50 ml., and the mixture was 
stirred for 30 minutes.. The aqueous phase was 
then-separated and concentrated at 10 mm. Hg 
and at.temporatures below 40 ° C. to a volume of 
16.5 ml. Subsequently, 50 ml,.of n-butyl alcohol 
were added and the concentration was continued 
until substantially all the water had been re- 
moved, and until crystallization started, qrys- 
talline potassium penicillin weighing 0.9525 g. and 
assaying 1497 traits per milligram was separated, 
corresponding to a conversion of 61%. 
Example VII 
. Three liters of an amyl acetate solution of 
penieillin assaying 825 Oxford units per .mllliliter 
were treated with su/Scient aqueous 2.5% potas- 
sium hYdroxide, solution to raise the pli to 6.65, 
suificient water was added to raise the volume of 
the aqueous phase to 50 ml,and the mixture was 
stirred for 30 minutes. The aqueous phase was 
then separated and coneentrated at 10 mm. Hg 
and at temperatures below 40 ° C. to a volume of 
i8 ml. The eoncentrate was combined with 54 
ml. of n-butyl alcohol and stirred for flve minutes 
with 4 g. "Darco G-60." The resulting slurry 
was flltered, and the char was washed with a 
mixture of 18 ml. of n-butyl alcohol and 6 ml. of 
water. The combined filtrate and washings 
were subsequently concentrated at 10 mm. Hg 
and at temperatures below 40 ° C. until substan- 
tially all the water had been removed and until 
crystallization started. Crystalline potassium 
penIcillin weighing 1.0486 g. and assaying 1556 
units per milligram was separated, corresponding 
to a conversion of 66.%. 
EzarpIe VIII 
A 2.5-1iter portion of an amyl acetate solution 
of penicillin assaying 2670 units per mflliliter was 
extracted to pli 7 with an aqueous 5% potassium 
hydroxide solution, plus 6 ml. of water, giving a 
total of 29 ml. of extraet. To the extract were 
then added 40 mflliliters of 2-methyl-2,4-pen- 
tanediol, and the eombination was distilled at 
10 mm. Hg and at temperatures below 45 ° C. 
until substantially all the water had been re- 
moved from the still. From the eoncentrate 
were separated 1.5645 grams of erystalline potas- 
sium penieillin assaying 1540 units per mflligram, 
eorresponding to a conversion of 37%. 
Example IX 
On hundred..mlllilltsrs of an amyl acétate 
solution of penieillin assaying 43,000 unit per 
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mi]iiliter were extracted with aqueous 1% ru- 
bidium carbonate solution to ptt 6.Y; and 54 mi. 
of aqueous extract were separated. The ex.trac 
was then concentrated af low temperature and 
pressure to.a.volume of 30 ml. To the concen- 
trate were subsequently added 90 ml. of n-butyl 
alcohol, and tlie mixture was dehydrated and 
concentrated to-3G ml. by further dlstillation at 
low temperature and pressure. The resulting 
concentrate was atlowed fo crystallize overnlght 
in a reffigerator, and rom it was Separated 
0.4353 g. of crystalline rubidium peniiillin, as- 
saying 1620 units per milligram, and correspond- 
ing to a conversion of 16.4% 
Examl X 
An amyl acetate solution of the acld form of 
penIcillin, assaylng 3600 uni%s per milliliter, was 
treated with 16 grams of "Darco G-60 ' per liter. 
Of the treated amyl acëtate solution, 965 ml. 
were then extracted with aqueous 5% sodium 
hydroxide solution fo pli 7:5. Tlïe aqueous ex- 
tract was separated, fo it were addid threevol- 
urnes of n-butyl alcohol, and the mixture was 
dehydrated and concentrated at 20 mm. Hg to a 
maximum vapor temperature of 35 C., af which 
point substantially all of the water had been 
removed. The concentrate was stored overnight 
in a refrigerator, and after it had subsequently 
been allowed fo warm to room temperature, crys- 
tals slowly separated: Pure, crystalline sodium 
penicfllin weighing 0.891grain and assaying 1635 
units per milligram was obtained. The con- 
version, based on the penicillin in the purified 
amyl acetate, was 42%. 
It should be noted that in the above specific 
examples the ratio by volume of alcoholic sol- 
vent fo aqueous alkali metal penicillin solution 
varies from a Iow of about 1.4:1 in Example 
VIII to a high of about 8:1 in Example III. 
Volume ratios between these vlues are preferred 
in my process. 
The quantity of-alcoholic solvent added fo 
the aqueous penicfllin solution is, of course, sub- 
stantially less than that requtred to cause pre- 
cipitation of the penicfllin but suflicient, upon 
azeotropic distfllation of the mixture, substan- 
tially to eliminate the water and to leave a sub- 
stantially saturated alcohol solution of the peni- 
cillin salt. 
Whfle the above describes the preferred em- 
bodiments of my invention, it will be understood 
that departures may be marie therefrom within 
the scope of the specification and claims.. 
This is a continuation of my application Serial 
No. 619,253, filed September 28, 1945. 
In accordance with the foregoing specification, 
I claire as my invention: 
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1. Ïn the recovery of crystalline alka]_i metal 
penicillin salts from partially purified concen- 
trated aqueous solutions thereof, the process 
which consists substantially in mixing such an 
5 aqueouS solution with a lower a!iphtic alcohol 
having from 2 to 8 carbon atoms and Which 
forms an azeotrope with water, the quantity of 
alcohol added being substantialty less tha.n, that 
required to cause precipitation of the penicillin 
but sufficient, upon azeotropic distillation of the 
mixture, substantially to eliminate the water and 
fo leave a substantially saturated alcohol solu- 
tion of the penicillin salts, azeotropically dis- 
tilling off the water from the mixture under a 
reduced pressure and af a. temperature hot sub- 
stantially eXceeding 40 ° C., and recovering the 
resulting crystals of alkali: metal penicillin from 
the resulting saturated solution thereof. 
2. In the recovery of crystalline alkali metal 
penicfllin salts from partialty purified concen- 
trated aqueous solutions thereof, the process 
which consists substantially in mixing one vol- 
ume of such an aqueous solution with from about 
1.4 fo 8 volumes of a lower aliphatic alcohol; 
selected rom  clasS consisting of normal butyl 
alcohol, secondary butyl alcohol and 2-methyl- 
2,4-pentanediol, the quantity of. alcohol added 
being that required, upon azeotropic distillation 
of the mixture, substantially to eliminate the 
water and te leave a substantially saturated 
alcohol solution of the penicfllin, salts, aZeo- 
tropically distflling Off the water ,ïrom the mix- 
ture under a reduced pressure and at a tempera- 
ture hot substantially exceeding 40 ° C., and re- 
coverin the resulting crystals of alkali meta 
penicillin from the resulting sgturated solution 
thereof. 
EDWAP,D B. ODGE. 
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